The objective of this study was to evaluate the effect of shackling and halal slaughter with head-only electrical stunning (ES) using water bath or no stunning (NS) on plasma levels of adrenaline (AD), noradrenaline (NAD) and corticosterone (CORT) levels of broiler chickens. Male and female broiler chickens (Cobb 500) 38 days old from a commercial farm in Johore, Malaysia, were placed in plastic crates (0.80 × 0.60 × 0.31 m) at 10 birds per crate, and transported for 2.5 hours in an open truck. The ambient temperature during transportation was 25 to 27 °C. Upon arrival at a commercial processing plant, a total of 50 male broiler chickens (2.2 -2.5 kg) were randomly selected from the flocks that were delivered, transferred to different five crates (10 birds per crate) and held in a lairage for 2 to 3 h. Blood samples were collected at various points, namely after lairaging (P1) (first sampling point for both ES and NS chickens, regarded as basal values), shackling (P2) (second sampling point for both ES and NS chickens), stunning (P3) (third sampling point for ES chickens), and ventral neck incision in stunned (P4) (fourth sampling point for ES chickens) and no stun (P5) (third sampling point for NS chickens). Ten birds were sampled at each sampling point (50 birds in total). Both stunned and no stun birds were shackled. Results show that shackling (P2) did not significantly affect the AD, NAD and CORT levels. However, electrical stunning elevated both the AD and CORT levels significantly, but not NAD. Neck cut had negligible effect on the AD and NAD in NS and ES broilers, but significantly increased CORT compared with the basal CORT value. In conclusion, the study demonstrated that head-only electrical stunning using a water bath might elevate AD and CORT. The study concluded that, as measured by AD and NAD, slaughter with or without stunning may not induce a physiological stress response in broilers.
Introduction
Animal slaughter for food purposes is a delicate operation that is strictly regulated to maintain food safety, hygiene, animal welfare and clean working conditions. Current slaughter methods are categorized as conventional or carried out according to specific ritual requirements (Havinga, 2010) . According to the Islamic slaughter method (halal), the animals are killed by cutting their jugular veins, carotid arteries, oesophagus and trachea with a single swipe of sharp knife for decreasing the pain that animals would incur (Department of Standards Malaysia, 2009) . Stunning animals in halal slaughter is a matter of debate. JAKIM (2011) stated that before accepting the stunning procedure in halal slaughter, the procedure should fulfil three main requirements. First, the stunning instruments should be used under the supervision of a trained Muslim or slaughter man, and the procedure must be monitored regularly by an experienced Islamic authority. Second, the stunning procedure must be temporary, so that it neither kills nor injures the animal. Lastly, equipment used to stun pigs must never be used for halal animals. Head-only electrical stunning using water bath stunners is widely employed by halal commercial poultry processing plants in Malaysia. However, some Muslim scholars reject pre-slaughter stunning because the procedure is unnecessary, against religious rules, or causes suffering to animals because of the pain it may inflict (Anil, 2012) . Electrical stunning has been associated with several welfare issues such as inversion and live shackling, and pre-stun shocks of the birds (Raj & Tserveni-Gousi, 2000) .
In the Islamic religion, a lot of importance is given to the humane treatment of animals, especially prior to and during slaughter. However, halal slaughter without stunning is related to delayed loss of consciousness (Gregory et al., 2010) and stimulation of noxious chemicals in the period after the neck incision (Gibson, 2009) . Though many studies have investigated the effect of the electrical stunning and slaughter on the poultry meat quality (Hillebrand et al., 1996; Goksoy et al., 1999; Lambooij et al., 1999; Contreras & Beraquet 2001) , little information is available with regard to the effect of the presence or absence of the electrical stunning technique on animal stress hormones, when it was combined with the halal slaughter method. Such information is important to highlight the welfare of poultry during processing.
Rules and regulations are in place to ensure that the slaughter of any animal for food production or further processing should be conducted in a humane manner, with the goal of not eliciting unnecessary pain and suffering to the animal (Wenner, 2011; Leary et al., 2013) . The methods employed for slaughtering affects the welfare of animals. Chickens are shackled to facilitate stunning and slaughter. However, vigorous struggling and wing flapping are especially evident when they are inverted and suspended on shackles and this may result in pain and distress (Wotton & Wilkins, 2004) . This problem may be exacerbated in birds with leg disorders. Kannan et al. (1997) , Debut et al. (2005) and Bedanova et al. (2007) reported that shackling and moving on the shackle line was stressful to broilers, as indicated by elevated corticosterone (CORT) concentration and heterophil to lymphocyte ratios. In mammalian species, circulating levels of cortisol, adrenaline (AD) and noradrenaline (NAD) are widely used as stress indicators prior to and during slaughter (Warriss, 2010) . A head-only electrical stunning method, which uses a water bath, in which the electrical current is passed across the bird's head instead of the whole body, results in a better stun quality that does not affect the quality of the carcass as the current does not lead to skeletal muscle contractions in the bird's body (Raj et al., 2001; Raj & O'Callaghan, 2004; Lambooij et al., 2010) . Although the main purpose of stunning is to eliminate animal suffering during slaughter, an increase in the concentrations of stress-linked hormones has been reported in horses (Micera et al., 2010) , lambs (Pearson et al., 1977; Linares et al., 2008) , pigs (Hambrecht et al., 2004; Nowak et al., 2007) and rabbits (Nakyinsige et al., 2014) that are subjected to various stunning techniques. Thus, the objective of this study was to evaluate the effect of shackling and halal slaughter with head-only electrical stunning (ES) using a water bath or no stunning (NS) on plasma levels of the AD, NAD, and CORT in broiler chickens.
Materials and Methods
The study was carried out according to the animal ethics guidelines from the Research Policy of Universiti Putra Malaysia. The study was conducted in a commercial poultry processing plant in Johore, West Malaysia. Male and female broiler chickens (Cobb 500), 38 days old, from a commercial farm in Johore, Malaysia, were placed in plastic crates (0.80 × 0.60 × 0.31 m) at 10 birds per crate, and transported for 2.5 hours on an open truck. The ambient temperature during transportation was 25 to 27 °C. Upon arrival at a commercial processing plant, 50 male broiler chickens (2.2 -2.5 kg) were randomly selected from the flocks that were delivered, transferred to five crates (10 birds per crate) and held in a lairage for 2 to 3 hours. Each of the five crates was used for blood collection at various sampling points.
Prior to slaughter, baseline blood samples (3 mL) (P1, the first sampling point for both ES and NS chickens) were collected from the wing vein of 10 birds at the lairage (crate 1) using ethylenediaminetetraacetic acid tubes. Next, further blood samples were taken from 10 birds (crates 2 through 5) according to each action namely shackling for 18 -25 seconds (wing vein) (P2, second sampling point for both ES and NS chickens), stunning, within 15 seconds following stunning (wing vein) (P3, third sampling point for ES chickens). Following neck cut, blood samples were collected while the blood was flowing freely from the cut wound of ES (P4, fourth sampling point for ES chickens) and the cut wound of NS (P5, the third sampling point for NS chickens) chickens. Blood samples (during slaughter) from the ES (P4) and NS (P5) birds were collected alternately. As such, different chickens were sampled on each occasion. Once obtained, blood tubes were maintained at 4 °C and centrifuged at 3000 rpm for 15 min within the first hour of sampling. The recovered plasma fraction was divided into aliquots and stored at -80 °C until analysis. Plasma levels of AD and NAD were determined using the appropriate ELISA kits (Cusabio Biotech Co., Ltd., Baltimore, MD, USA). Plasma CORT concentration was measured with an ELISA kit (IDS, Boldon, UK). All samples were measured in duplicates. All chickens were slaughtered according to the halal method as outlined in MS1500:2009 (Department of Standards Malaysia, 2009 ). The birds were slaughtered by a Halal licensed slaughterman by severing the carotid arteries, jugular veins, trachea and oesophagus. Individual broilers were shackled upside down (both feet) on a moving conveyor and subjected to head-only electrical water bath stunning. An estimated current of 240 mA was delivered for 5 seconds to each bird using 400 Hz sine wave AC (Raj & O'Callaghan, 2004) , and the voltage was 50 V. Five birds at a time were stunned in the water bath. The absence of corneal reflex, spontaneous eye blinking, and response to comb pinching were used as indicators of effective stunning (Girasole et al., 2016) .
All statistical analyses were carried out using SAS® software (Statistical Analysis System, SAS Institute Inc., Cary, NC, USA) (SAS, 2005) . The AD, NAD and CORT data were subjected to one-way ANOVA using the GLM procedure, where the various sampling points were fixed as the main effect. Prior to analyses, the AD and NAD, and CORT data were transformed to common logarithm and square root, respectively. Comparison between means was done by Tukey's test. The level of significance is considered at P ≤0.05. Table 1 shows the effects of shackling, electrical stunning, and halal slaughtering method on plasma concentrations of the AD, NAD, and CORT in broiler chickens. The AD values at P1, P2, P4, and P5 were similar. However, the P3 value was significantly (P = 0.0122) higher than the other sampling points. Sampling point had no significant effect on NAD (P = 0.4113). The CORT at P3 was significantly (P <0.0001) higher than the other sampling points. The CORT values at P4 and P5 were similar, and both values were significantly (P <0.0001) higher compared with CORT values at P1 and P2. The CORT values at P1 and P2 were similar. In the present study, the AD, NAD and CORT were not significantly affected after shackling. According to Bedanova et al. (2007) , the stressfulness of shackling was dependent on the duration. Birds in the present study were shackled for 18 -25 seconds. Shackling birds for less than 60 seconds did not influence CORT (Bedanova et al., 2007) . The authors reported four-and ninefold increases in CORT after 60 seconds and 120 seconds of shackling, respectively.
Results and Discussion
In their study, Nowak et al. (2007) suggested analysing the sticking blood as it could help the investigators to determine the pain incurred by the animals, as it provides vital information regarding the degree and type of stress that the animal endured during its stunning and neck-cutting procedure. Circulating levels of AD, NAD and CORT hormones are typically measured as key indicators of stress response to various stunning and slaughter procedures for cattle , lambs (Linares et al., 2008) , horses (Micera et al., 2010) , rabbits (Nakyinsige et al., 2014), and pigs (Althen et al., 1977) . The stunning procedure is implemented primarily to remove distress in the animal during the slaughtering process. However, the stunning process itself can produce unwanted physiological stress reactions in the animals. Pearson et al. (1977) noted a significant increase in catecholamine in lambs that were stunned electrically prior to slaughter. Linares et al. (2008) reported that both electric and gas stunning evoked catecholamine and cortisol reactions in lambs. The present findings agree with those of with earlier works (Troeger & Woltersdorf, 1991; Hambrecht, 2004; Linares et al., 2008) in mammalian species that stunning elevated AD and that a hormone is a sensitive index for assessing post-stunning stress. However, the increase in the levels of the hormones could be attributed to the stunning technique itself rather than an indication of the amount of stress. In the present study, stunning elevated the level of the AD but not NAD. Broom & Johnson (1993) stated that AD levels were significantly affected by psychological stress, while NAD levels were generally related to physical distress. Thus, the lack of NAD reaction to ES may suggest that the electrical stunning itself was not physiologically stressful to the chickens. An effective stunning technique should result in instantaneous unconsciousness in an animal before the pain associated with the stunning method can be registered (Grandin, 1994) .
The present findings showed that head-only electrical water bath stunning resulted in a significant elevation in CORT. Similarly, work in pigs (Forslid & Augustinsson 1988; Warriss et al., 1994; Hambrecht et al., 2004) showed that electrical stunning increased serum levels of cortisol. Working with mechanically stunned horses, Micera et al. (2010) indicated that increases in circulating levels of cortisol were associated more with stress/excitement/hardship reaction than as a weariness function. It has been suggested that the psychological component of the stressor was the main determinant of glucocorticoid response rather than the situation per se (Veissier & Boissy 2007) . Therefore, other physiological indicators could be more reliable than CORT to measure the consequence of the technique of electrical stunning itself` on stress response.
Many welfare concerns are associated with the halal slaughter technique, which does not involve stunning (Aghwan et al., 2016) . For example, the halal slaughter process may result in a longer time for the animal to lose consciousness, which may result in suffering. The duration of pain an animal experienced before death could be influenced by the time it took to lose consciousness (Gregory et al., 2010) . Slaughtering without stunning may prolong brain function loss before death (Gregory, 2008) . In their study, Anil et al. (2006) observed that the animals subjected to religious slaughter without stunning had to endure a lot of pain and distress during and after their neck-cutting and slaughter procedure before they lost their brain activity. In the present study, the AD and NAD of both ES and NS birds at P4 and P5, respectively, were similar to those at P1 and P2. Thus, as measured by AD and NAD, there is little indication that halal slaughter was stressful to either ES or NS birds. According to Shaw & Tume (1992) , the measurement of catecholamine in post-slaughter blood samples in cattle could be of limited value as electrical and mechanical stunning may both result in an upsurge in these hormones. In the present study, AD, but not NAD of ES birds was elevated at P3, but declined at P4. Work in sheep (Linares et al., 2008) suggested that electrical stunning elevated both AD and NAD significantly.
The findings of this study support the work in sheep (Purchas, 1973 ), cattle (Dunn, 1990 , and pigs (Gregory et al., 1987) that corticosteroid levels were elevated in post-slaughter blood samples. The authors noted that neck cut elevated CORT in both NS and ES compared with values at P1. Shaw & Tume (1992) reviewed work in mammalian species, and concluded that measurement of cortisol in blood samples collected at sticking might provide information on pre-slaughter stress. Tume & Shaw (1992) compared cortisol levels in blood samples collected from cattle during exsanguination at research and commercial abattoirs. The authors noted that the commercial abattoir group had elevated mean cortisol values compared with those collected at the research abattoir, and attributed the findings to stresses associated with transportation and introduction to a novel environment. Hence, in the present study, the elevated CORT at P4 in ES birds could be attributed to the surge in hormonal values following stunning (P3). However, there is no clear explanation for the higher CORT that was noted at P5 compared with P1 and P2. Earlier work in avian species (Schoech et al., 1999; Romero & Reed, 2005) suggested that CORT did not increase in the first two minutes after the imposition of a stressor. Thus, it appears that the elevated CORT at P5 in NS birds could not be attributed to the neck cut procedure. On a cautionary note, the concentrations of hormones that were measured are influenced by a large number of physiological conditions, such as state of hydration or psychological stress, and not only pain and distress. Other methodologies, such as the use of an electroencephalogram, are required to allow a more direct assessment of the stimuli experienced during neck cut (Mellor et al., 2009) in poultry.
Conclusions
It can be concluded that shackling for less than 30 sec, as measured by plasma levels of the AD, NAD, and CORT did not elicit a physiological stress response in broilers. The present results confirmed earlier studies in mammalian species that stunning may elevate blood NAD and CORT concentrations. The current results reveal that halal slaughter with or without stunning had negligible influence on physiological stress response in broilers.
